When a fraction of external optical feedback re-enters inside cavity of a laser diode (LD), the laser intensity and its wavelength will thus be altered. The LD in this case is often called as a self-mixing laser diode (SMLD). This paper presents an SMLD for profile measurement. The LD is modulated by the injection current in triangular waveform and a target to be measured is installed on a mechanic scanning device. The reflection light by the target contains its surface profile. The profile information is then carried in the laser intensity and can be pickup by a photodiode packaged in the rear of the LD. We call this modulated laser intensity as self-mixing interferometric (SMI) signal. In this paper, a new algorithm is developed to retrieve the profile from the SMI signal. Results show that the proposed design is able to achieve the measurement of profile with high resolution.
INTRODUCTION
The profile measurement of an object is needed for many applications such as quality control in a production line, biomedicine, robotics, measurement of mechanical wear, and the recording of surface shape data. There are several known methods used for profile measurement: triangulation, fringe projection (so called Moire), interferometric methods, speckle interferometry and so on [1] .
Self-mixing interferometry is new promising interferometric technology. It uses the self-mixing effect in laser, which occurs when a fraction of optical feedback provided by the external cavity (or target) re-enters inside cavity of a laser diode (LD). In this case, the laser intensity and optical frequency will then be altered. Such a laser diode is often called as a self-mixing laser diode (SMLD). The modulated laser intensity is called a self-mixing interferometric (SMI) signal. This is a minimal part-count scheme easy for engineering implementation with fast response and high sensitivity [2] [3] [4] [5] [6] , which can be used for external cavity related such as displacement/distance, velocity, surface roughness [7, 8] , also for the LD associated parameters e.g. linewidth enhancement factor [9, 10] .
When such an SMLD is modulated by an injection current in periodic triangular waveform, the initial phase of the detected SMI signal in each triangular period contains the information related to the surface topology of the target fixed on the 2-D platform. To achieve high resolution and great accuracy, it requires to develop an advanced algorithm to retrieve the initial phase. As shown in figure 1 , for realizing the measurement, a target with complex surface is fixed on a 2-D platform, we can use the controller to drive the platform to create a movement. By illuminating laser onto the target, the modulated LD power is referred as a SMI signal which can be detected by the photodiode (PD) packaged in the rear of the LD, amplified by a trans-impedance amplifier, and then recorded by an oscilloscope. In this case, the modulating period can be used to divide the surface of the target into pixels. By measuring the distance of each pixel, we can retrieve the target surface. The measuring resolution depends on the modulation frequency of the injection current.
In this paper, we propose to use the SMI technology for profile measurement and present a new method to increase the measurement resolution when the triangular modulation frequency is limited. Firstly, the related theory is presented for describing the laser phase obtained at the PD. Then the reconstruction algorithm is proposed, and the relevant simulation for re-establishing the profile of the target is implemented to verify the proposed method. 
THEORETICAL MODELLING
With a triangular injection current and optical feedback, we can receive a step-shaped signal from the photodiode [11, 12] , which is expressed as (1):
( ) A t is the modulated intensity corresponding to a triangular modulated injection current. After removing the modulated signal intensity ( ) A t , a fringe-shaped SMI signal can be obtained. The intensity of the fringe-shaped SMI signal is defined as cos ( ) B t Φ , where B stands for the undulation coefficient determined by the target. A typical figure of step- 
The parameters used in the equations are defined as below in Table 1 . λ is the wave length of the laser. This method is suitable for micro-displacement shorter than half wavelength.
Principle for phase measurement with Euler's formula expansion
We can define the output intensity with a fixed target after removing the modulated triangular signal as:
And the intensity with a moving target after removing the modulated triangular signal is: 
where * stands for the conjugate calculation. The phase ( ) t φ corresponding to the displacement can be calculated from (5), which leads to retrieve a displacement with high resolution and great accuracy. The flow chart of phase measurement is shown as below in figure 3 . 
Strategy of scanning
When scanning over a target with complex surface, the SMI signal received by PD contains the information of the profile. This scanning process can be regard as a displacement. By retrieving this displacement, we can re-establish the profile of the target.
According to the manual of the 2-D platform, the process of scanning can be set as a square waveform, as shown in figure 4 . The distance between each scanning line is 1 m μ . 
SIMULATION OF PROFILE RETRIEVING

Simulation results for the spherical surface
If the measured object is a spherical surface with a radius R , the profile can be expressed as, 2 2 ( , ) ( 
Simulation results for the surface with arbitrary topography
Suppose the measured surface as an arbitrary surface with a radius of curvature satisfying the functional distribution: After scanning, the equivalent displacement is shown as in figure 9 (a), and the retrieving displacement is shown as in figure 9 (b). By re-order and smoothing process, we can re-establish the profile of the arbitrary surface, as shown in figure 10 . 
CONCLUSION
In this paper, we propose a new algorithm to improve measurement performance for an SMI-based profile sensing system. The improvement is achieved by introducing a reference signal to more accurately retrieve a varying phase signal, from which we can retrieve a micro-displacement to be measured using a traditional SMI system and then reestablish the profile. The proposed algorithm is implemented by Matlab. The simulation results verify the feasibility of the proposed method and shows it has high resolution and accuracy.
